Misregistration's effects on classification and proportion estimation accuracy by Hall, F. & Juday, R. D.
8.2 H I S R E G I S T R A T I O N  'S E F F E C T S  ON CLASSIFICATIOL.  '"D PROPORTION ESTIMATION 
,L ACCURACY* ' C  ~ 2 -  .' ,- 
R Y  Juday and F.- Hall, Johnson Space Center 
The es t imates  o f  crop t y p e  and acreage (proport ion est imat ion)  a re  undertaken 
i n  t he  A g R I S T A R S  progrm by r eg i s t e r ing  m u l t i p l e  da t e  acqu i s i t i ons  o f  small 
subareas of Landsat scenes (termed segments) , and applying mu1 t i s p e c t r a l  ansl- 
y s i s  t o  them. An important contr ibut ion t o  e r r o r s  i n  c l a s s i f i c a t i o n  and acre- 
age es t imates  is misreg is t ra t ion  
n 
L -   c.  
1 
betueen mui t i p l e  acquis i t ions .  The re la t ion-  
STIXATE FOR i T E  STUTUbl 
FROPORTIOPi ESTINATC I N  iTH SEGbE??T 
The pa r t i cu la r  series of  operat ions applied a r e  shown diagrammatically i n  
F i g u r e  1 .  The spec t r a l  da ta  brought i n  w i t h  anc i l l a ry  da t a  a re  t ransfor-?? 
i n t o  t h e  Kauth-Thomas space,  where f ea tu res  a r e  ex t rac ted .  The Kauth-Thoras 
greeness is 2. function of  time f o r  m u l t i p l e  acquis i t ions .  It is approximated 
i n  funct ional  form w i t h  var ious parameters and t h e  vector of these parameters 
and i t s  d i s t r i b u t i o n  w i t h i n  t h e  segment you a r e  working with i s  decomposed so 
t h a t  its ove , - a l l  d i s t r i b u t i o n  function i s  approximated a p o s t e r i o r i .  The a 
p r i o r i  p robab i l i t i e s  given c l a s s  and spec t r a l  vector t h a t d e s c r i b e  a c l a s s  ar; 
t h e  parameters t h a t  g ive  you t h e  es t imate  of  the  area and crop t y p e .  The an- 
c i l l a r y  da ta  is  the  place where you bring i n  the  f a c t  t h a t  you  a r e  work ing  i n  
a spec i f i c  a rea ,  t h e r e b y  l imi t ing  t h e  va r i e ty  o f  possible  crop choices.  
Figure 2 i l l u s t r a t e s  t h e  taking of a Landsat f ea tu re  vector and der iving the 
br ightness  and the greeness.  A procedure de r ives  c e r t a i n  pa-meters  t h a t  de- 
s c r i b e  the time a t  which a crop begins t o  green u p ,  and the steepness w i t h  
r-cspect t o  which the curve moves o f f  the s o i l  l i n e  i s  a function of time: time 
being a c h x a c t e r i s t i c  d i f fe rence  betueen some of  the  crops t h a t  we're t r y i n g  
t o  d i f fe ren t ia t .e .  lhis k i n d  of procedure i s  s e n s i t i v e  t o  absolute  radiometry 
t o  perhaps a l a rge r  ex ten t  than some researcners  maybe a re  in te res ted  i n  w i t h  
regard t o  maintaining radiometric f i d e l i t y  i n  the  resampling precess.  Figure 
3 i l l u s t r a t e s  t h e  procedure whereby a scene i s  broken i n t o  var ious s t r a t a .  
There a r e  d i s t r i b u t i o n  filnctions w i t h i n  each s t r a t a  for  the spec t ra l  measure- 
m e n t  vec tors  v i a  a procedure ca l led  CLASSY. CLASSY breaks the curve down t o  
- 
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s e v e r a l  d i s t r i b u t i o n s  which are assumed unimodal and normal.  This is t h e  
p l a c e  a t  which t h e  p r o p c r t i o n  estimates f a l l  o u t .  I n  t h e  p r o c e s s  of d o i n g  
t h i s ,  t h e  m i x t u r e  p i x e l s  a l o n g  t h e  b o u n d a r i e s  of t h e  segments  c r e a t e  confu-  
s i o n .  R e g i s t r a t i o n  error l o o k s  someth ing  l i k e  a m i x t u r e  p i x e l .  If there is 
m i s r e g i s t r a t i o n ,  and a g i v e n  a d d r e s s  for a p i x e l  jumps across t h e  boundary ,  i t  
acts  a s  a n o i s e ,  and i n  t h e  m u l t i t e m p o r a l  sense w i l l  t e n d  t o  c o n f u s e  crop d i s -  
c r i f f i ina t ion .  
F i g u r e  4 p r e s e n t s  t h e  e x p r e s s i o n  of p u r e  and mixed p i x e l  c o n t r i b u t i o n s  t c  
c l a s s i f i c a t i o n  error. Knowing f u l l  well t h a t  we have  m i x t u r e  p i x e l s ,  and i f  
you can  p a r a m e t e r i z e  t h e  problem i n  terms of your  estimate of a c r o p  t h a t  h a s  
found i ts  t r u e r  p i x e l s ,  t h e  e q u a t i o n  c a n  be al)$.ied t o  d e r i v e  a f i n a l  propor-  
t i o n  estimate. The v a r i a n c e  i n  t h e  e s t i m a t e  cf t h e  crop p r o p o r t i o n  i n  mixed 
p i x e l s  i s  t y p i c a i l y  larger t h a n  t h e  v a r i a n c e  c f  Lhe e s t i m a t e  o f  t h e  c r o p  t h a t  
is i n  p u r e  p i x e l s .  You would l i k e  t o  have  q ,  which is t h e  p r o p o r t i o n  of t h e  
s c e n e  which is i n  pu re  p i x e l s ,  t o  b e  a l a r g e r  number so as  t o  r e d x e  t h e  over -  
a l l  v a r i a n c e .  That, of c o u r s e ,  is done  i n  one  way by  go ing  t o  s m a i l e r  p i x e l s  
and i n  a n o t h e r  by hav ing  better r e g i s t r a t i o n  a c c u r a c y  so t h a t  you d o n ' t  have  
t h e  multitemporal jumping of p i x e l s .  Now t h e  q u a n t i t y  q w i l l  approach  a num- 
ber t h a t  i s  l i m i t e d  by t h e  s p a t i a l  r e s o l u t i o n  of t h e  sys tem a s  t h e  r e g i s t r a -  
t i o n  error d e c l i n e s .  There  is a p o i n t  a t  which you c a n n o t  d r i v e  q t o  be a 
l a r g e r  number w i t h  i n c r t a s i n g  r e g i s t r a t i o n  a c c u r a c y  and t h a t  d e c l i n i n g  g a i n  
d e t e r m i n e s  t h e  p o i n t  a t  which for  any  p a r t i c u l a r  ana lys i :  t e c h n i q u e ,  i t  is  n o t  
p r a c t i c a l  t o  expend more e f for t  i n  t r y i n g  t o  g e t  better. 
For any g i v e n  s e n s o r  IFOV geometry,  you c a n  d e r i v e  t y .  a 1  popula t . ions  of 
f i e l d s  and you c a n  p l o t  h i s t o g r a m s  of t h e  number o f  f i e l c  a g a i n s t  f i e l d  s i z e  
and you c a n  draw different  h i s t o g r a m s  f o r  t h e  d i f f e ren t  L ' n d s  of crops t h a t ,  
a c c o r d i n g  t o  your  ground t r u t h ,  go i n t o  making up t h a  p o p u l a t i o n  examined. 
Dave P i t t s  and Gothem Badhwar have  p u b l i s h e d  some r e s u l t s  for r e p r e s e n t a t i v e  
samples i n  t h e  growing r e g i o n s  of t h e  U.S. t h a t  a r e  of s i g n i f i c a n c e  t o  u s  
( F i g u r e  5). As a f u n c t i o n  of t h e  r e s o l u t i o n  e l e m e n t ,  t h e  IFOV o f  t h e  s e n s o r ,  
a c c o r d i n g  t o  those k i n d s  of h i s t o g r a m s  i n  F i g u r e  5 ,  can  draw t h e  p r o p o r t i o n  of 
p u r e  p i x e l s  i n  a g i v e n  c r o p  ( F i g u r e  6 ) .  This i s  t h e  q u a n t i t y  which you would 
l i k e  t c  d r i v e  up. The TM w i l l  have  a r e s o l u t i o n  t h a t  is  c o n s i d e r a b l y  smaller, 
s o  t h e  p r o p o r t i o n  o f  p i x e l s  t h a t  a r e  p u r e  i n  any  g i v e n  area w i l l  be  l a r g e r .  
You can  di'aw an ana logy  between t h e  m i s r e g i s t r a t i o n  error a s  a c t i n g  much t h e  
same a s  an increased r e s o l u t i o n  IFOV and e x p e c t  t h a t  thir?o,s  w i l l  go i n  t h e  
same d i r e c t i o n  a l t h o u g h  we have  some d o u b t s  t h a t  you can  draw an exact equ i -  
v a l e n c e  there because  t h e r e  is some d i f f e r e n c e  i n  behav io r .  
This is a workshop and n o t  a symposium so  I am not p r e s e n t i n g  a f i n a l  r e s u l t .  
A t  t h i s  p o i n t  we do have a program underway t o  come up w i t h  q u a n t i t a t i v e  num- 
b e r s  for t h e  r e s u l t s  f o r  t h e  e f f e c t  o f  t h e  m i s r e g i s t r a t i o n  e r r o r .  Also, we 
are  t e n d i n g  t o  wcrk mos t ly  on t h e  mul t i t empora l  a s p e c t s  of  m i s r e g i s t r a t i o n  a t  
t h i s  p o i n t .  Band-to-band m i s r e g i s t r a t i o n  h a s  s i m i l a r  e f f e c t ,  b u t ,  i n  our par-  
t i c u l a r  a p p l i c a t i o n ,  i t ' s  a less dynamic k i n d  of an a f f e c t .  We b u i l t  a r e g i s -  
t r a t i c n  system a t '  JSC t o  a p o i n t  when i t  was c l e a r  t h a t  t h e  one  p i x e l  r e g i s -  
t r a t i o n  accu racy  t h a t  t h e  LACIE p r o c e s s o r  was g i v i n g  u s  was o n l y  m a r g i n a l l y  
a d e q u a t e  f o r  t h e  LACIE t echno logy ,  and wi th  AgRISTARS we needed someth ing  
bet ter .  The MDP, be ing  a f u l l - f r a m e  sys t em,  does n o t  c o n c e n t r a t e  a s  h e a v i l y  
i t s  computa t ion  power on an i n d i v i d u a l  p i x e l .  We s e t  01: selves a g o a l  o f  2 / 7 0  
p i x e l s  a s  t h e  r e g i s t r a t i o n  accu racy  t h a t  we would l i k e  t o  g e t  t o .  T h i s  was 
based on  t h e  a r b i t r a r y  c r i t e r i a  t h a t  what you would l i k e  is 501 o f  t h e  m u l t i -  
temporal 
i t ' s  r e a l  
you t h i n k  
energy t o  
l y  amazing 
you would 
come from a common area  on the  ground. mer, you do t h a t ,  
how s t r i c t l y  t h a t  t i es  down t h e  r e g i s t r a t i o n  accuracy that. 
l i k e  t o  ge t  to .  When you begin t a lk ing  about r e g i s t r a t i o n  
a t  t h a t  accuracy you uncover a l l  s o r t s  of  th ings  t h a t  you d i d n ' t  have t o  t h i n k  
about previously.  As Figure 7 i l l u s t r a t e s ,  t h e  d i f f i c u l t  protlem t o  determine 
is  t h e  r e g i s t r a t i o n  accuracy t h a t  you want a n a l y t i c a l l y  when you overlay one 
aper ture  over another. For p ixe l  A and p i x e l  8. t h e  port ion of  t he  c l e a r  
aperture i s  a function of t h e  pos i t ion  of  t h e  p i x e l  B. given pixel  A i s  f a i r l y  
easy t o  ca l cu la t e .  But  when you begin t o  add o ther  p i x e l s  t h a t  complicate? 
your c l e a r  aper ture  upon adding a t h i r d  aper ture .  given a posi t ion of t h e  
f i rs t  t w o  is some value on t h e  ramp. It is highly nonlinear and t h i s  ge t s  
worse when you go t o  t w o  dimensions, and when you g e t  nonsquare IFOVs. a n d  
when you have a va r i a t ion  of  response w i t h i n  3 IFOB. Our plan is t o  pursue a 
Nonte Carlo approach i n  assuming a mis reg i s t r a t ion  e r r o r  and model its d i s t r i -  
bution through the  process. 
I n  conclusion. it should be noted t h a t  we do not have a quan t i f i ca t ion  o f  mis- 
r e g i s t r a t i o n ' s  e f f e c t  on our ana lys i s  a t  l e v e l s  better than we cu r rec t ly  
achieve. Synthet ic  da ta  is one approach; ex t rap3la t ions  obtair.ed by deregis- 
t r a t i o n  is  another.  Regis t ra t ion accuracy requirements a r e  d i f f i c u l t  t o  spe- 
c i f y  a p r i o r i .  "Nore i s  be t t e r " ;  everyone's an expert .  ExtraDolation t o  t h e  
performance expected from b e t t e r  r e g i s t r a t i o n  is r i s k y ,  and h i g h l y  dependent 
on ana lys i s  techniques. The proper arena f o r  t e s t i n g  is one 's  own applica- 
t i o n s  ana lys i s .  
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PROF ILL PARAMETERIZATION 
Figure 2. Data Trmsformation/feature Extraction 
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DIGITAL IMAGE SCENE 
Figure 3. Mixture Decomposition Estimation 
P = PROPORTION ESTIMATE FOR SCENE FOR CROP 
P o  = ESTIMATE OF CROP PROPORTION I N  PURE P I X E L  AREA 
P" = ESTINATE OF CROP PROPORTIOII I N  M I X E D  P I X E L  AREA 
q = PROPORTION CF SCENE I N  PURE P I X E L S  
Figure 4. Pure and Mixed Pixel Error Contr ibut ions 
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